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1.  STATEMENT  OF  PROBLEM  AND  SUMMARY  OF  RESULTS 

A  goal  of  the  research  project  sponsored  by  ARO  under 
Contract  DAAL03-86-K-0020  was  to  develop  the  modified 
diakoptic  theory  into  an  efficient  method  for  analyzing  and 
designing  antenna  structures  and  distributed  parameter 
circuits.  A  second  goal  of  the  project  was  to  develop  the 
numerical  methods  needed  to  implement  the  analysis 
techniques.  And  a  final  goal  was  to  perform  laboratory 
measurements  whose  data  enable  one  to  corroborate  the 
accuracy  of  the  theoretical/numerical  methods  of  the 
modified  diakoptic  theory.  The  three  goals  have  been 
realized. 

For  several  types  of  rather  general  antennas,  the 
modified  diakoptic  theory  offers  an  advantage  over  the 
traditional  integral  equation  methods,  in  that  a  priori 
calculations  can  be  performed  which  enable  one  to 
significantly  reduce  the  rank  of  the  system  of  linear 
equations  to  be  solved  or,  equivalently,  the  rank  of  the 
impedance  matrix  to  be  inverted.  The  solution  technique 
developed  for  complex  wire  structures  is  sufficiently 
general  that  it  can  handle  any  thin-wire,  multielement 
antenna  of  moderate  size,  which  resides  in  homogeneous  open 
space.  The  wires  may  be  curved  and  of  specified  length, 
radius,  and  contour,  with  the  contour  of  the  wire  being 
either  entirely  a  smooth  curve  or  a  curve  having  a  number  of 
sharp  bends.  The  structure  may  have  closed  loops,  multiple 


junctions,  and  multiple  feeds  and/  or  loading.  Examples  for 
which  excellent  results  have  been  obtained  by  the  modified 
diakoptic  theory  are  simple  wire  arrays,  folded  dipoles, 

"T"  and  "L"  antennas,  general  top-loaded  monopoles,  and, 
most  recently,  Yagi-Uda  arrays  of  wires. 

Simple  wire  antenna  structures  which  reside  above  or  below 
the  interface  between  two  dissimilar  half  spaces  have  been 
successfully  analyzed  by  the  modified  diakoptic  theory. 

Full  account  has  been  taken  of  the  Doutmerreld  integral 
portion  of  the  integral  equation  kernel  in  such  analyses. 

In  addition  to  the  efforts  to  develop  an  efficient  method 
for  analyzing  wire  and  wire-like  structures,  attention  also 
has  been  focused  upon  methods  for  analyzing  structures 
formed  by  conducting  traces  on  substrates,  with  emphasis  on 
the  type  passive  components  that  find  wide  application  in 
microwave  monolithic  integrated  circuits  (MMIC)  as  well  as 
in  other  microcircuits.  These  include  microstrip 
components  printed  on  grounded  substrates  which  are  made  up 
of  narrow  strip  conductors  having  single  or  multiport 
excitation  as  well  as  simple  strip  and  wire  configuration 
above  the  grounded  substrate.  Depending  on  the  actual 
geometry  and  size  relative  to  wavelength  of  the  structures, 
these  components  may  be  classified  as  antennas  or 
distributed  circuits  or  as  combinations  of  both  in  a  single 
unit.  In  any  event,  the  development  of  the  modified 
diakoptic  theory  and  the  associated  numerical 
implementation  has  led  to  an  efficient  analysis  tool  for 


these  structures. 


In  order  to  support  the  results  obtained  from  the 
theory  and  the  attendant  numerical  methods  developed  during 
the  course  of  the  research  effort,  experiments  were 
conducted  on  a  few  representative  wire  structures  and 
configurations  comprising  conducting  traces  on  grounded 
substrates.  In  the  case  of  the  wire  structures,  models  were 
constr;. ~.ted  and  erected  over  an  image  plane,  and  admittances 
were  measured  and  compared  with  calculated  results. 

Results  from  simple  bent  and  curved  wires,  from  top-loaded 
monopoles,  and  from  antenna  arrays  have  revealed  that  the 
theoretical  data  obtained  from  computations  are  highly 
accurate  .  Rudimentary  experiments  were  performed  on 
raicrostrip  structures  in  order  to  lend  support  to  the  theory 
applied  to  this  class  of  antennas  and/or  circuits.  Several 
models  were  fabricated  by  photo  etching  techniques. 

The  modified  diakoptic  theory  is  an  extension  of  the 
diakoptic  theory  developed  by  Goubau.  It  also  may  be 
looked  upon  as  a  refinement  of  the  method  of  moments.  An 
important  advantage  of  the  modified  diakoptic  theory 
applied  to  antenna  and  circuit  structures,  over  presently 
available  solution  procedures,  is  that  one  can  solve  a 
given  problem  with  a  smaller  matrix  than  would  be  needed  in 
a  technique  based  upon  one  of  the  traditional  methods. 

This  means  that  computer  implementation  efficiency  obtains 
in  the  methods  developed  in  the  present  contract  effort. 
Consequently,  the  modified  diakoptic  technique  allows  one 


either  to  achieve  greater  accuracy  or  to  analyze  larger 
structures  than  is  possible  with  available  methods.  Of 
course,  the  precise  enhancement  of  accuracy  and/or  structure 
depends  on  the  details  of  the  structure  under  consideration. 
In  this  regard,  it  should  be  mentioned  that  to  be  amenable 
to  analysis  by  the  modified  diakoptic  theory,  a  structure 
must  be  such  that  it  can  be  "diakopted"  (sliced,  in  the  case 
of  a  conductor)  into  smaller  substructures,  each  separated 
from  its  immediate  neighbor  by  a  port  at  which  a  voltage  and 
a  current  can  be  defined.  Research  results  achieved  to  date 
in  the  development  of  solution  techniques  based  on  the 
modified  diakoptic  theory  applied  to  the  type  structures 
mentioned  above  indicate  that  an  appreciable  enhancement  of 
accuracy  or  an  increase  in  size  is,  indeed,  realizable.  In 
addition,  as  a  minor  by-product,  the  modified  diakoptic 
theory  is  more  understandable  to  a  typical  engineer  than  is 


the  moment  method. 
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